INTRODUCTION
Major physical, psychological and social changes occur during adolescence. It is also well known that the period between the late teens and early twenties is the phase with the highest risk of using addictive substances (1, 2) . The concept of addiction has grown beyond substance dependence and its meaning has been extended to include various forms of problematic repetitive behaviour (3, 4) , with Internet addiction being one of the biggest problems in adolescents.
Internet addiction is a psychological disorder in which an Internet user becomes addicted to the Internet in a manner that is similar to becoming addicted to substances. The person using the Internet, or any online activity, shows symptoms such as dependence, tolerance and withdrawal (5) .
Many previous studies have suggested similarities and associations between substance use disorders and Internet addiction. Supporting evidence includes similarities in comorbidities, treatment responses, underlying neurobiology and phenomenology (6) (7) (8) .Excessive use of Internet content, such as games and chatting, can increase the risk of addictive use of the Internet. The use of highly reinforcing content during adolescence can be a risk factor that augments the incidence of substance addiction or its severity later in adulthood (9) (10) (11) . A few studies have found an association between substance use disorders, such as alcohol or cigarettes, and Internet addiction. However, these studies are limited, as the majority were crosssectional studies (3, 6, 9, 11) .
This longitudinal study aimed to examine the associations between factors related to Internet use in adolescence and substance use problems in early adulthood. The factors associated with Internet use were the location of use, the amount of time spent using the Internet and the reason for Abbreviation AOR, Adjusted odds ratio.
Key notes
This study investigated the association between addictive Internet use at the age of 15 and heavy drinking and cigarette smoking at the age of 20. Using the Internet for addictive contents at the age of 15 was associated with heavy drinking at the age of 20. Location for Internet use at the age of 15 was associated with smoking behaviour at the age of 20.
using it. The substance use problems included heavy drinking and cigarette smoking. Data on drinking and cigarette smoking were collected via the Korea Youth Panel Study questionnaire that asked whether participants had consumed alcohol during the past year and, if so, how many times. The responses were categorised into three groups: abstainers who did not drink alcohol, light drinkers who drank alcohol one to two times a month and heavy drinkers who drank alcohol three or more times per month (10, 12) . Korean society has an open drinking culture, and drinking alcohol is very common in early adulthood (2) . The possibility of exposure to drinking is notably high, which is why the groups were divided into two subgroups in order to study the addiction tendency in a more in-depth manner. The first group was heavy drinkers, and the second contained the abstainers and light drinkers. With regard to smoking, the questionnaire asked whether students had smoked during the past year and they were categorised into smokers and nonsmokers.
METHODS
To assess the amount and pattern of Internet use, three specific questions regarding the location, reason and duration of Internet use were used. Previous studies have found that levels of Internet addiction were higher when an Internet caf e was used (13) , where usage was unhindered, unlike at home. The most frequently used location for accessing the Internet was categorised as an Internet caf e or another location. With regard to the main reasons for Internet use, we categorised the three most highly addictive content, namely computer games, chatting and messenger and adult websites, as very frequent and frequent use versus not frequent use (14, 15) . Lastly, the amount of time spent on the Internet was calculated and categorised into less than two hours and more than two hours (10, 16) .
As biopsychosocial frameworks suggest, this research aimed to investigate the relationship between Internet use during adolescence and drinking and cigarette smoking in early adulthood, by controlling for biological factors, peer influence and individual characteristics (17, 18) . To assess peer influence, the questionnaire asked whether the student had close friends who drank or smoked cigarettes, which was categorised as yes versus no. The individual characteristics of self-esteem and whether they had engaged in sexual intercourse were also assessed. Self-esteem was assessed with the Rosenberg Self-Esteem Scale (19) , using the total score of six of the 10 questions and assessed using class ranking, categorised as the top 10% versus not the top 10%. Whether the individual had engaged in sexual intercourse was categorised as yes versus no.
To investigate the longitudinal association between Internet use during adolescence and drinking and cigarette smoking behaviour in early adulthood, alcohol consumption and cigarette consumption were separated as variables and descriptive statistics were calculated for the two cohort samples. Multivariate logistic analysis was conducted in order to examine predictors of future drinking and cigarette smoking using the adjusted odds ratio (AOR) to evaluate significance. In Model one, the variables of Internet use and gender were the predictors. In Model two, peer influence and the confounding variables were added to the analysis. In Model three, personal characteristics were added to modify the personal backgrounds in which Internet use during adolescence could have an effect on future heavy drinking and cigarette smoking. Multicollinearity was calculated using the variance inflation factor, and it was confirmed that there was no problem with multicollinearity as this value did not exceed two. Stata version 12.0 (StataCorp, TX, USA) was used for the statistical analysis. Table 1 shows the socio-demographic characteristics of the two cohort samples of abstainers and nonsmokers at the age of 15, and overall, both groups were similar. Approximately 6% of Internet users accessed the web at an Internet caf e, 80% of users accessed addictive content and more than 50% of users accessed the content for more than two hours a day. In the alcohol abstainer group at the age of 15, nearly two-thirds (64%) of the sample were either light drinkers or abstainers, and at the age of 20, 35.6% were heavy drinkers. In the nonsmoker group at the age of 15, one-fifth (18.8%) of our sample were smokers at the age of 20. Tables 2 and 3 show the association between drinking and cigarette smoking at the age of 20 and the factors related to Internet use at the age of 15, namely gender, peer influence and personal characteristics, through logistic regression analysis. Model one in Table 2 shows the relationship between the variables of Internet use during adolescence and heavy drinking behaviour at the age of 20. Among the Internet usage variables, the reasons for Internet use turned out to be a variable with a significant effect on heavy drinking behaviour at the age of 20, with an adjusted odd ratio (AOR) of 1.44 (p < 0.05). The relative risk of male adolescents was 1.83 times higher than their female counterparts (p < 0.001).
RESULTS
In Models two and three, peer influence and individual characteristic variables were added to investigate whether variables of Internet use had a significant effect after controlling for these covariates. The adolescents' reasons for Internet use had a significant association with future heavy drinking in both Model two (AOR = 1.42, p < 0.05), controlling for peer influence, and in Model three (AOR = 1.44, p < 0.05), controlling for individual characteristics as well as peer influence. Model one in Table 3 shows the relationship between the variables of adolescents' Internet use and cigarette smoking at the age of 20. An Internet cafe as the location for Internet use and more than two hours of Internet use per day were significant predictors of cigarette smoking behaviour at the age of 20 (AOR = 1.74, p < 0.01; AOR = 1.35, p < 0.01, respectively). The relative risk of male adolescents was 5.63 times higher than their female counterparts (p < 0.001).
In Model two, when peer influence was added, the location and duration of Internet use at the age of 15 remained a significant predictor of future cigarette smoking (AOR = 1.70, p < 0.01; AOR = 1.31, p < 0.05). In Model three, controlling for individual characteristics, only the location for Internet use had a significant association with cigarette smoking (AOR = 1.48, p < 0.05). Peer influence also had a significant association with future cigarette smoking (AOR = 1.73, p < 0.001). With regard to the personal characteristics, the top 10% class ranking (AOR = 0.42, p < 0.001) and self-esteem (AOR = 0.96, p < 0.01) also showed a significant association with future cigarette smoking.
DISCUSSION
Addiction problems have been escalating in the recent years, and they now pose a serious global threat. Moreover, adolescence is a transitional period when the brain is not fully developed and is still in the process of maturation (20) . Therefore, the risk of addiction is even higher during this phase. When a person is exposed to addictive substances during early adolescence, the maturation of the prefrontal lobe is delayed and its development may be interfered with. Consequently, the addiction risk in adulthood increases (21, 22) . Excessive exposure to the Internet can have a similar effect to addictive substances on the maturation delay of the prefrontal lobe (23) . In other words, addictive Internet use during adolescence delays brain development and causes an imbalance between prefrontal inhibition and limbic gratification and this, in turn, leads to a higher risk of addiction in adulthood. Consequently, Internet use may predispose adolescents to experience substance addiction during early adulthood.
Using two cohort samples of alcohol abstainers and nonsmokers at the age of 15, this study demonstrated the longitudinal association between addictive use of the Internet during adolescence and heavy drinking and cigarette smoking in early adulthood. The results showed that heavy drinking at the age of 20 was associated with the reasons for Internet use, namely terms of games, chatting or messenger and adult websites, whereas cigarette smoking at the age of 20 had a significant association with the location of Internet use, namely an Internet caf e. Even after controlling for the effects of having a close friend who drank or smoked, and the individual characteristics of experience of sexual intercourse, self-esteem and top 10% class performance, the association was found to be statistically significant.
The results suggest an association between Internet use, one of the many types of media causing behavioural addiction in adolescents, and drinking and cigarette smoking, the mediators for substance addiction in early adulthood. As suggested in previous studies, these findings were consistent with the existing literature on the association between alcohol and cigarette abuse and behavioural addictions such as gambling (3, 6, 9, 10) . A similar study to our own, conducted by Chiao et al. (10) in Taiwan, confirmed the association between Internet use during adolescence and drinking and cigarette smoking in early adulthood. In a study carried out in Switzerland by R€ ucker et al. (11) , the direct association between adolescent Internet addiction and cigarette smoking was identified and the indirect association between Internet addiction and alcohol use was also observed. In the present study, abusive drinking behaviour showed a higher odds ratio in the group that had frequently used addiction-reinforcing content, such as games, chatting or messenger and adult websites. It is thought that an association exists between the use of Internet content of an impulsive nature and impulsivity, a main individual characteristic of abusive drinking behaviour. The impulsive tendency during adolescence and the developmental trend of impulsiveness are supported by other study results that predicted factors for later heavy drinking and alcoholism (24) (25) (26) .
When we studied the characteristics of Internet use, we found that the group who accessed the Internet at Internet caf es showed a higher relative risk of cigarette smoking. Internet caf es are a good place to play computer games, as they have high-speed Internet connections and high-quality computers. These Internet caf es are very popular with adolescents, and there were approximately 15 000 of these in Korea in 2012 (27) . The minimum time that people can use these Internet caf es is one hour, and many of the users smoke. Adolescents using these Internet caf es are exposed to passive smoking in these environments, which is a wellknown risk factor that contributes to adolescents starting to smoke. In addition, according to the social learning theory, adolescents are more likely to engage in delinquent behaviour in situations where they can imitate the model for delinquent behaviour (28) . Moreover, cigarette smoking behaviour in adolescents has been explained based on this hypothetical model in previous studies (29, 30) . Therefore, spending time in Internet caf es during adolescence may influence cigarette smoking behaviour in early adulthood. With regard to the amount of time spent using the Internet, no significant results were observed after controlling for self-esteem and class ranking. Thus, high levels of selfesteem and high educational achievement at the age of 15 may have served as protective factors for smoking behaviour (10) . For Internet users with a higher risk of addiction, our results confirmed the significant association between Internet use during adolescent years and addiction propensity later during adulthood. The results show the importance of the need for education regarding addiction problems and their prevention from an early age. Furthermore, secondary prevention is also very important, as it leads to the early detection of adolescents who are at risk, in order to provide them with counselling for problems with addictive behaviour.
There were several limitations to this research which deserve to be mentioned. First, because the study used secondary data, there were limits in measuring the variables. Thus, we could not use variables that could precisely clarify the tendency of addiction to Internet use, heavy drinking and cigarette smoking. For example, diagnostic criteria for substance use disorders or behavioural addictions could not be used. Second, the answers provided by the adolescents may have included a certain degree of inaccuracy due to social restrictions and biases, given that the study used a self-report instrument with face-to-face interviews. Future research should conduct an investigation using primary data collection and objective diagnostic tools.
Despite these limitations, this research used cohort samples and studied the association between the use of the Internet during adolescence and heavy drinking and cigarette smoking behaviour in early adulthood in a longitudinal design to investigate their simultaneous causation.
CONCLUSION
This research was a longitudinal study that used cohort samples and confirmed significant associations between heavy drinking and cigarette smoking in early adulthood. It also identified the dependent variables related to location of time spent and reason for Internet use, which demonstrated the effect of the addictive use of the Internet, one of the biggest problems with adolescents. Furthermore, our study suggests that the addictive use of the Internet during adolescence could be a gateway to have them becoming heavy drinkers and cigarette smokers in early adulthood.
